GIS-Based Mapping of Soil Distribution in Thunder Creek Watershed

Traditionally, information about soil distribution has been acquired through intensive fieldwork.  Although ideal, this technique is not feasible in the National Parks and wilderness areas in Washington where hiking trails provide the only access to many hectares of land.  With the increasing capabilities of Geographic Information Systems (GIS) and remote sensing software, it is possible to model soil-landscape relationships via digital topographic and environmental data and satellite imagery as proxies for the soil-forming factors, combined with a reduced amount of fieldwork.  In this study, a quantitative model of soil distribution in the 30,000 hectare Thunder Creek Watershed in North Cascades National Park (NOCA) is being created based on information acquired from digital data and field sampling (Fig. A).
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Figure A.  Crystal Briggs entering into Fisher Basin, one of two headwater valleys. This is a valley wall landform, which makes up the majority of Thunder Creek Watershed

After two field seasons, 120 pedons have been described representing critical combinations of the soil-forming factors and landform types.  A landform map created by Jon Reidel, NOCA geologist, provided a preliminary landscape delineation that simplified the sampling strategy and has proven to be beneficial in predicting the soil types; some of these landforms include floodplain, glacial valley wall, debris cone, alluvial fan, etc.  Attributes inherent to these landforms along with vegetation, slope, aspect, and wetness index will allow for the creation of a predictive model in GIS.  Potentially, this model could be applied to mapping the remainder of the park.  
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Figure B.  Distribution of common cryic soils. A. Andic Humicryod on Little Ice Age Moraine, B. Vitrandic Dystrocryept on Debris Cone, C. Typic Vitricryand on Valley Wall  .

Podzolization is the dominant pedogenic process on most stable, conifer-covered landforms such as Pleistocene moraines, Little Ice Age moraines, and bedrock benches (Fig. B, Soil A).  Spodosols are also common on the more active, conifer-covered valley walls, debris cones, and debris aprons on North and West facing slopes that have been relatively stable for several thousand years.  Herb and forb-covered debris and snow avalanche chutes that occupy high-elevation valley walls promote Andisol formation (Fig. B, Soil C).  On these active landforms, a unit of 8000 BP Mazama ash-rich till is often buried between 10-20 cm by ash-poor colluvium, still allowing for an Andisol classification.  Inceptisols dominate the extremely active landforms under all types of vegetation (Fig. B, Soil B).  Andisol formation is inhibited in these areas due to disruption caused by tree tip-over, gravitational erosion, or water erosion.  Intensive soil sampling and geochemical fingerprinting of younger ash layers suggest that no tephras younger than Mazama are more than a few mm thick and that none of these dominate the prominent E horizons of the Spodosols.

A model is currently being formulated that will extrapolate these and other soil types to areas in the watershed with similar site and soil characteristics.  A soil distribution map will be available for critique by May 2004.

